Keywords: fluorescent probes / metal-ion complexes / electron transfer / energy transfer / cyclam Four cyclam-based fluorescent molecular probes were prepared using 'click' chemistry and investigated to determine the effect of the triazole connectivity and fluorophore substitution on photophysical properties and metal ion response mechanism. The ligands' fluorescence is turned on in the presence of Zn(II) but varies in intensity depending on the solvent; the highest signal changes are found in MeCN. Complexation with Cu(II) leads to fluorescence quenching, but only in the aqueous solvent, where the triazole is involved in coordination of the metal. The length of the pendant triazole arm influences the ligand field around pentacoordinated Cu(II) yielding a distorted square planar coordination geometry in the ligands with an ethylene linker.
Introduction
The development of fluorescent probes for biologically relevant metal ions such as Zn(II) [1] and Cu(II) [1c, 2] has gained considerable attention over recent decades, due in part to improvements in fluorescence imaging techniques. [3] Although this approach has numerous advantages, [4] the design of molecular probes remains a challenge due to the difficulty of matching the photophysical properties of the analyte with its binding elements. The Cu(I)catalysed 'click' reaction of azides and alkynes can facilitate the synthesis of selective and sensitive probes through i) synthetic simplicity, [5] ii) introduction of an additional coordination site via the newly-formed triazole [6] and iii) improvement of the overall optical properties of the probe. [7] The nature of the substitution on the resulting triazole can play a crucial role in determining the probe's optical properties, [8] yet despite the wide employment of this reaction for this purpose in recent years [2, 9] there are few reports describing the influence of triazole topology on probe performance. [10] In a previous communication we reported on the photophysical investigation of four triazole-appended cyclam ligands 1-4 bearing two different fluorophores: naphthalimide and coumarin. [7c] In order to pin down the structural motif triggering the fluorescence response, we limited the structural variations to three domains: fluorophore, triazole connectivity, and linker length. The results were surprising: the turn-on fluorescence response in the presence of Zn(II) is solely fluorophore-dependent, being exhibited only by the naphthalimide-based probes 1 and 3. It remained unclear why the coumarin-appended probes 2 and 4 failed to act as fluorescence turn on probes for Zn(II). The triazole topology (i.e. which way round the substituents are attached) plays an important role in determining the brightness of the chromophore as well as the type of radiative deactivation pathway. All four probes were found to undergo fluorescence quenching in the presence of Cu(II). [7c, 11] The aim of this study was to understand the different mechanisms behind the fluorescence response of these systems to Zn(II) and Cu(II). Using UV/vis and fluorescence spectroscopy, quantum yield (QY) measurements and low-temperature fluorescence spectroscopy, we have fully characterized probes 1-4 and their response mechanisms. To permit the design of the 'perfect' probe it is important to understand the contribution made by each structural motif in a ligand and its response mechanism to different analytes. 'Click'-chemistry is demonstrably useful in tuning the photophysical properties of synthetic molecular probes for specific applications.
Results and Discussion
The three main variations in the systems under study are the fluorophore (naphthalimide vs. coumarin), triazole connectivity (dye connected to triazole through N1 vs. C4) and pendant arm length (C1 vs. C2) (Scheme 1). The ligands 1-4 were prepared as we have reported previously. [7c] While the majority of our previous work with these and related systems has been carried out in water, [12] this study adds data in the less competitive solvent acetonitrile. Careful investigation and comparison of the results in these different solvent systems allows a detailed understanding of the photophysical behaviour of the probes. Cyclam-free naphthalimide derivative 5 was synthesised as a control compound to aid assignment of photophysical data. Measurements on the free ligands and their Zn(II) complexes will be described first, followed by the corresponding Cu(II) complexes. Fluorescence emission spectra in frozen media were acquired in HEPES buffer and MeCN to reveal different fluorescence response mechanisms. Scheme 1. Cyclam based probes 1-4 and reference compound 5.
Naphthalimide-based probes 1 and 3
Steady-state absorption measurements. The absorption spectra in HEPES-buffer and MeCN are very similar (Figure 1 and S2).
The key photophysical data for ligands 1 and 3 in both solvents are listed in Table 1 . The aqueous UV/vis absorption spectra of the ligands 1 and 3 in comparison to reference compound 5 (Figure 1) show the typical charge transfer (CT)-type naphthalimide absorption [13] centered around 350 nm. The differences in absorption spectra of 1 and 3 must arise from the different triazole topology. Reference compound 5 exhibits a very similar absorption profile to 1 but is slightly blue-shifted (5 nm) . This lowest energy absorption is structureless in the case of ligand 3. The weak shoulder at the left edge of the CT-band for 1 and 5 is presumably also a result of connection to the triazole via N1. Additionally, triazole C4-substitution leads also to the 15 nm red-shift of the lowest energy transition of 3 (λabs = 357 nm) relative to 1 (λabs = 342 nm). This shift towards lower energies indicates increased electron density on the fluorophore when attached to the triazole via a carbon atom (C4), as in ligand 3, which results in an extended -system. In ligand 1, on the other hand, where the fluorophore is connected to the triazole via N1, conjugation is sterically hindered. The absorption spectrum of the reference compound 5 in buffer further helps assigning the higher energy bands, which are all chromophore-based. The sharp absorption at 236 nm originates from the energetically higher 4-substituted naphthalimide transitions, [13b] while the transitions involving the triazole are assumed to be those found further blue-shifted. [7a] [b] 420, [b] 238, 351, 420, [b] 550 432 0.008
[a] Absolute quantum yield, error 5 % (determined with a Hamamatsu PL Quantum Yield measurement system involving an integrated Ulbricht sphere). Note that the detection limit is only accurate for values above 0.01. [b] shoulder.
Complexation with Zn(II) affects the naphthalimide absorption only slightly in both solvents (Table 1) , triggering a weak blueshift due to the loss of electron density from the triazole nitrogen atom upon N-Zn(II) complexation; examples of spectra for the aqueous solvent are shown ( Figure 2 ). This weak blue-shift is also apparent in the higher energy bands at 236 and 239 nm. However, the highest energy bands (Figures 2c) and d)) show a different behaviour in the presence of Zn(II). While the absorption at 217 nm seen in the spectrum of ligand 1 shifts red, there is no shift apparent for ligand 3 but rather a drop in absorbance. This contrasting behaviour is presumably caused by the different triazole-based coordination sites (triazole coordination via N3 in ligand 1 and via N2 in ligand 3), as suggested previously. [11] Figure 2 . UV/vis absorption spectra of ligands 1 and 3 in HEPES buffer before and after addition of Zn(II) up to 1.0 eq. Whole spectra of 1 (a) and 3 (b) , UV region of 1 (c) and 3 (d).
Steady-state fluorescence measurements. The results in water are distinctly different to those in MeCN. In aqueous buffer the qualitative fluorescence results are similar for ligands 1 and 3: the presence of Zn(II) leads to a significant fluorescence enhancement, of 5 to 6-fold in the case of 3. However there is a substantial quantitative difference. The QY of free ligand 1 (0.003) is significantly lower than that of ligand 3 (0.14). The QY of reference compound 5 is 0.21, two orders of magnitude higher than that of 1, indicating that an extremely effective fluorescence quenching mechanism is operating in 1. The QY of the Zn(II) complex of ligand 3 (0.76) is also much higher than that for ligand 1 (0.065). [14] The optical properties are mainly caused by the different electron donor properties in the chromophore and reflect the variations with triazole substitution. The strong effect of the substituent on 4-substituted naphthalimides has already been established. [15] These variations can be attributed to conformational changes rather than differences in electron donor ability in 4amino-naphthalimides. In ligand 1, the naphthalimide is connected to triazole N1. The low QY of a similar chromophore has been reported before and was rationalised by the presence of additional non-radiative pathways as potential deactivation options of the excited state. [7a] In ligand 3, with the naphthalimide connected to triazole C4, the QY of the chromophore is very high, presumably due to the absence of competing non-radiative activation options. Additionally, the triazole acts as electron donor and the CT is thus extremely dependent on the angle between the planes of the two aromatic systems. Consequently, coordination of the triazole to the metal ion can interrupt the PET as well by a twisting of the two aromatic planes. This type of fluorescence enhancement is thus thought to originate from a TICT mechanism (as a subset of PETmediated quenching) and is a key difference between ligand 3 and ligand 1. This is obvious from the solvent-dependent Stokes shift, which was found only in case of ligand 3. [7c] In MeCN this situation changes in several ways. The QYs of ligands 1 and 3 are both very low (>0.002 and 0.009 respectively) due to a much more effective fluorescence quenching mechanism in the non-protic solvent. This leads to a distinctly larger fluorescence enhancement upon complexation with Zn(II) than in water (fluorescence enhancement ~10 for ligand 1 and 50-60 for ligand 3). The QYs of 1•Zn and 3•Zn in MeCN are 0.03 and 0.55, respectively and thus lower than in water, which can arise from several solventdependent effects: a) the different properties of the chromophore, as described above, would be very solvent-dependent [13a] and b) changes in the coordination environment due to variation in the solvation of the ligand. The latter aspect will be discussed in more detail in the later section on Cu(II) complexes but extrapolation from those results suggests that there is no participation of the triazole in the coordination process in MeCN. Consequently, the fluorescence increase in the organic solvent is solely controlled by the PET-switching mechanism and explains the lower QY of the Zn-complexes.
Overall, the steady-state fluorescence measurements suggest that the triazole topology plays a crucial role: reversing the triazole connectivity, from N1 (as in 1) to C4 (as in 3), results in a much more powerful chromophore as shown by the higher fluorescence quantum yield of 3•Zn in both solvents.
Coumarin-appended probes 2 and 4
Steady-state absorption measurements. The coumarin ligands 2 and 4 exhibit two overlapping lowest energy states at around 290 nm and at 319 or 327 nm respectively, in HEPES as well as in MeCN (Table 2). In most such cases the lowest energy absorption originates from an n* transition originating from the carbonyloxygen lone pair. [16] However, depending on the solvent and substitution, a partial * character can be mixed into the n* state. An overlay of the UV/vis absorption spectra in HEPESbuffer ( Figure 3 ) and MeCN ( Figure S2 ) highlights the wavelength shift that is wrought by changing the triazole substitution (see Table 2 ). Ligand 4 (λabs = 327 nm) is red-shifted with respect to 2 (λabs = 319 nm). The same shift has been seen for the naphthalimide appended probes and is a result of the different triazole topology. In the Zn(II) complexes of ligands 2 and 4, only very small changes can be seen in the UV/vis spectra acquired in both solvents ( Table 2) and generally indicate a weak influence of the metal on this chromophore. However, looking at the higher energy bands illustrated by the aqueous solvent reveals a difference. For ligand 2 the triazole band at 215 nm reduces in intensity upon the coordination with Zn(II) and shifts slightly red, accompanied by an increase in intensity of the left edge of this band (Figure 4c ); a different effect is seen in the case of ligand 4, where the triazole based absorption around 216 nm increases in intensity and shifts blue ( Figure 4d ). The shoulder at 229 nm increases distinctly and shifts to 227 nm, suggesting a change in the chromophore due to twisting. This effect is much weaker in for ligand 2 suggesting that such a twisting happens to a much smaller extent. 284, 297, [b] 326, 705 384 0.004 MeCN 2
283, 291, [b] 319 390 0.006 2•Zn(II) 283, 291, [b] 317 397 0.016 2•Cu(II) 282, 292, [b] 318, 560 380 0.005 4 214, 229, 289, [d ] 298, 327, 342 [b] Steady-state fluorescence properties. The emission bands of the coumarin-appended dyes 2 and 4 in HEPES buffer are very close, centered at 380 and 390 nm respectively. The QY of these free ligands are 0.03 and 0.10 respectively. Coordination with Zn(II) does not induce any change in ligand 2 and only a small signal reduction with ligand 4, accompanied by a slight blue-shift (to 386 nm, Table 2 ). The reason that no fluorescence enhancement is observed upon Zn(II) binding lies in the nature of the chromophore, in which the lowest excited state is a mixture of the emissive locally excited state (*) and a non-emissive n* state. The absence of fluorescence enhancement when Zn(II) binds indicates that the emissive state is not the lowest energy state in either, or that enhancement of the fluorescence signal intensity is hampered in water, or a combination of both effects.
In the organic solvent MeCN, a bathochromic wavelength shift of 10 nm occurs for ligand 2 compared to the value observed in aqueous solvent (from 380 to 390 nm) while a small blue-shift (4 nm) is found in the case of ligand 4 ( Table 2 ). These contrasting shifts can be explained by considering solvent-induced inversion of the two lowest excited states (n*, *) in case of ligand 2. The relative energy of these states is not only strongly affected by the solvent, but also by the substitution pattern in the chromophore: De-stabilisation of the n* state in 2 would increase the energy level of this state such that the * state becomes the lowest energy locally excited state. This transition would increase the emissive properties of this ligand. Interestingly, complexation with Zn(II) results in a further red-shift for ligand 2 only (to 397 nm), indicating additional stabilisation of the lowest excited state as a result of complexation. Further evidence for this effect is found in the Zn(II)-induced fluorescence enhancement factors: this roughly triples in the 2•Zn complex but barely doubles in the 4•Zn complex ( Table 2 ). Thus inversion of these states does not happen for ligand 4. The observed weak fluorescence enhancement in 4•Zn can be rationalised by the lower QY in the non-protic solvent, which would lead to a small degree of fluorescence enhancement relative to the aqueous buffer, in which there is significant hydrogen bonding.
For the design of PET-mediated probes for probing of d 10 metal ions such as Zn(II), a fluorophore with an intrinsically high QY is desired in order to trigger high signal changes upon complexation. These requirements are best represented by the naphthalimideappended probe 3. The particularly bright chromophore in combination with an efficient TICT fluorescence switching mechanism in water is the reason for the superior probing qualities over ligand 1. The failure of a significant turn-on response of 2•Zn and 4•Zn is a result of the absence of sufficiently emissive states in coumarin-chromophores of this design. Changing the solvent can lead to an inversion of non-emissive with the emissive state in 2•Zn. The fluorescence enhancement as well as the QY remains low even in the absence of hydrogen bonding, which is the only reason why the QY in 4•Zn is slightly higher in MeCN.
Copper(II)-complexes of 1-4:

Steady-state fluorescence measurements and quantum yields.
In HEPES-buffer the addition of Cu(II) to the four ligands 1-4 triggers fluorescence quenching (see QY data in Tables 1 and 2 ). The greater effects are seen for ligands of the same triazole topology (3•Cu and 4•Cu), which return QYs 10-25 times lower than that of the free ligands. In MeCN on the other hand, the quenching effect of Cu(II) is barely detectable.
Steady-state absorption measurements.
For all Cu(II) complexes in HEPES buffer, the lowest energy band from the triazolyl-chromophore is not affected by coordination to the metal, but the complexation does result in a broad absorption below 350 nm overlapping with the higher energy bands of the ligands that do not themselves shift in the presence of the metal ( Figure 5 ). This absorption of high intensity is a CT transition from the metal centre to the coordinating ligand (MLCT). This MLCT band is much larger in the case of ligands 3 and 4. In MeCN the situation is different. Generally, the MLCT transitions are less pronounced than in the aqueous solvent, and chromophore-based absorption bands remain basically unchanged ( Figure 6 ). All spectra further show the presence of two CT bands. These bands are of high intensity and appear at 200 and 255 nm for Cu(II) complexes with cyclam in MeCN ( Figure S3 ). These two bands originate from the MLCT between the cyclam-N and Cu(II), and between Cu(II) and the counter ion (perchlorate) or solvent. The weaker interaction of the ligands with Cu(II) ion can be attributed to changes in solvation of the ligands causing the ligand field to arrange differently around the metal, leading to a change in coordination mode. The effect becomes obvious looking more closely at the longer wavelength region where the d-d absorption of Cu(II) is found. Figure  S2 ). In contrast, in HEPES these d-d absorptions appear red-shifted to 580 for ligands 1 and 2, and further shifted to 703 for ligands 3 and 4 (Table 1 and Figure S7 ). Complexes of Cu(II) with cyclam exhibit a d-d-absorption at 527 nm in MeCN ( Figure S4 ). Absorption maxima centred around 550 nm are typical for the square planar coordination geometry of Cu(II)-complexes. [17] The same value has been reported for an 1,8-dimethyl-substituted derivative of cyclam in square planar complexes with Cu(II) in water in the presence of a strong ligand field. [18] This suggests that coordination sites are only represented by the cyclam-N and the triazole does not coordinate to Cu(II) in MeCN. A shift to lower energies on the other hand, as found in the aqueous solvent, implies coordination of the triazole resulting in a pentacoordinated squarepyramidal coordination environment. [17a] While a hexacoordinated octahedral Cu(II)-complex, in which the second axial position is occupied by the perchlorate ion is possible and has been reported for similar complexes, [11, 19] this seems unlikely in this solvent system. Indeed, comparison with a Cu(II)-cyclam complex of a similar structure -which also exhibits a d-d-band at 578 nm in water and has been resolved as a square-pyramidal structuresupports the proposal of pentacoordinate geometry for these complexes in water . [17b] Interestingly, identical behaviour is seen for ligands of the same linker lengths and triazole connectivity (i.e. 1 matches 2 and 3 matches 4). Note that addition of Cu(II) into HEPES solutions of both ligands 3 and 4, bearing an ethylene spacer (C2) between cyclam and triazole, gives initial broad absorptions at 540 nm which shift to lower energy (703 nm) in the course of the titration. This suggests a successive change in the coordination environment in the complexation process with participation of the triazole ligand in coordinating to the Cu(II) centre. Cyclam-based Cu(II)complexes with different linker arm lengths (C1 vs C2) have been reported to show a red-shift in d-d-absorption for the longer C2linked derivatives. [20] The rather slow shift of this equilibrium towards triazole-metal coordination further underlines the distorted nature of the resulting conformation geometry, and may either be due to the longer arm lengths or to Cu(II)-coordination via triazole N2 [11] in 3 and 4 (as opposed to triazole N3 [12a] coordination seen with 1 and 2). As a result of the distorted axial ligand field, complexation by the cyclam nitrogens in the equatorial environment is stronger. These results are consistent with the higher intensity MLCT absorption in the UV/vis spectra for Cu(II) complexes with ligands 3 and 4 compared to ligands 1 and 2 (Figure 6 ), since the overlap with the MLCT bands originating from Cu(ClO4)2 is of higher intensity than the MLCT band evolving from the uncomplexed ligand during complex formation in the organic ligand.
The general change in coordination geometry -from squareplanar in MeCN without coordination of the triazole, to square pyramidal in aqueous solvent with the triazole occupying the axial position -may be key to the application of these systems in fluorescence signalling applications. If the solvent-dependent changes in coordination geometry observed with Cu(II) extend to the Zn(II)-complexes, the fluorescence enhancement in response to Zn(II) observed in MeCN is therefore triggered by a suppression of PET that arises without the triazole coordinating to the metal. 6 Figure 7 . UV/vis spectra of ligands 1-4 and their Cu(II)-complexes, formed by adding increasing amounts of Cu(ClO 4 ) 2 in HEPES buffer.
Low temperature steady state fluorescence experiments
To investigate the nature of the fluorescence quenching mechanisms in ligands 1-4 and their Cu(II)-complexes, steady state fluorescence measurements were performed in frozen media, using temperatures below the melting point of the solvents to create a 'glass' environment. Probes for s-block metal ions and zinc(II) commonly feature an amine linker which can promote PET or CT and thus trigger a signal upon metal binding. In contrast the redox properties of Cu(II) can promote non-radiative deactivation processes through two different pathways: electron transfer or energy transfer. For electron transfer, coordination of Cu(II) by a macrocyclic ligand can stabilise adjacent oxidation states such as Cu(III), facilitating electron transfer to the photoexcited fluorophore component. On the other hand, energy transfer involving the half-filled d orbital of Cu(II) would result in fluorescence quenching if the fluorophore is close enough in energy to make energy transfer thermodynamically feasible; quenching by this mechanism is usually referred to as Dexter Energy Transfer. [21] If electron transfer is responsible for the fluorescence quenching, this would be highly dependent on the reorganization of solvent molecules that stabilise the induced charge separation. Working around 80 K effectively shuts down solvent reorganisation and thereby lowers the oxidation potential of the ligand, interrupting the PET and leading to a revival of fluorescence in the glass environment. In contrast, an energy transfer mechanism is of intra-molecular nature and would not be affected by the mobility of the solvent, so fluorescence quenching should persist in the frozen sample. [21] Results in MeCN. Steady state fluorescence emission experiments were first performed in MeCN, the better glassforming medium. The glass was prepared quickly to capture the same distribution of structural conformers found in the liquid state. Freezing the ligand solutions resulted in a significant revival of fluorescence for all four of the free ligands 1-4 ( Figure 8 ). Fluorescence enhancement is accompanied by a contrasting shift in emission maxima, which is quite revealing with respect to the photophysical processes occurring in these different molecules. In the naphthalimide-appended probes, ligand 1 is red-shifted while 3 experiences a blue-shift in the glass environment. This stabilization (for 1) vs. destabilization (for 3) of the excited molecules in the glass underlines the differences in CT character of the two chromophores (resulting from the different triazole topology). Interestingly, even more significant increases in fluorescence emission are seen for the coumarin-appended probes. This effect could be arising because n→* transitions are now suppressed while the emissive  → * transition is stabilized and now dominates. Appearance of an additional emission signal around 500 nm in the case of ligand 2, which is absent in the spectrum of the coumarin-appended probe 4, is also noteworthy. This signal is reminiscent of similar peaks found for simple coumarins in organic solvents, and represents a forbidden state and had been assigned to phosphorescence band. [22] These results underline how the triazole topology affects the photophysical properties: Only the connectivity via triazole-N1 can lead to a phosphorescent probe. The fluorescence enhancements seen in the frozen samples of 1 and 3 mirror those found for the Zn(II)-complexes of these ligands, suggesting that fluorescence enhancement observed upon Zn(II) binding arises via the same mechanism. This is strong experimental evidence that suggests fluorescence quenching in the uncomplexed ligands is driven by solvent reorganization processes, and therefore involves an electron transfer to the photoexcited fluorophore. The presence of CT transitions, postulated for ligand 3 previously, is supported by the wavelength shift observed upon immobilization of this ligand as a glass. The redshift in 1 clearly contrasts the blueshift in 3, which is the result of a further destabilization in the frozen media.
In contrast to fluorescence measurements of MeCN solutions acquired at room temperature, freezing solutions of Cu(II) complexes of ligands 1-4 caused a significant decrease in fluorescence intensity, completely nullifying the fluorescence emission (Figure 9 ). From these results it can be concluded that a more rigid solvent environment is necessary to enable Cu(II)mediated energy transfer and subsequent quenching of the ligands' fluorescence in MeCN. 
Results in water.
To determine any effect caused by the solvent itself, the same experiments were carried out in HEPES buffer ( Figure S5 ). The results are largely very similar to those observed in MeCN, yielding a fluorescence revival in the frozen media for all four free ligands, and equivalent shifts in emission maxima. The phosphorescence band around 500 nm is only very weak in aqueous solvent.
The results for the Cu(II) complexes are markedly different ( Figure S6 ): in the frozen environment the signal intensity remains basically unchanged compared with the spectra at room temperature and suggest the presence of an energy transfer. These results are thus in accordance with the results obtained in MeCN.
The absence of a fluorescence enhancement in the glass environment of the Cu(II) complexes provides conclusive evidence that the fluorescence quenching in aqueous solution at room temperature is driven by an energy transfer. The free ligands experience electron transfer which is present in water and MeCN at room temperature and suppression thereof allows for the fluorescence signal to switch on.
Conclusion
This work details the individual photophysical properties of four triazole-appended probes using naphthalimide and coumarin dyes. With respect to the triazole connectivity we found that in HEPES buffer the fluorescence is more effectively quenched in the ligands 1 and 2 (C1 spacer, dye linked to triazole N1) than in 3 and 4 (C2 spacer, dye linked to triazole C4), due to the longer spacer between cyclam and chromophore in the latter two ligands. Connecting the triazole to the fluorophore via C4 results in a general red-shift of absorption and emission signal due to the extended -system.
In the coumarin-appended probes, the weak fluorescence enhancement can be attributed to the mixing of radiationless n* states into the lowest energy transition. Changing the solvent to MeCN can lead to an inversion of these states such that the * state can be of lowest energy if the right substituent is chosen (as in 2) leading to a Zn(II)-responsive probe. Probes of this type have the potential to show phosphorescence if the triazole connectivity is as in ligand 2. Equally, the brightness of naphthalimide-based probes can also be tuned by the triazole connectivity: an alternative connectivity in which the naphthalimide is linked to the triazole C4 affords a very bright chromophore, as in the case of ligand 3. Changing the solvent also leads to a change in coordination atmosphere, since the participation of the triazole and subsequent facilitation of the PET interruption only happens in the aqueous solvent and not in MeCN. This effect leads to a lower QY of the Zn(II) complexes of 1 and 3.
By freezing the solutions we have been able to assign the different photophysical mechanisms: PET switches the fluorescence in the free probes when complexed with Zn(II), and only works weakly for the coumarin probes due to the low inherent fluorescence of the chromophore. The Cu(II)-mediated quenching is induced by an energy transfer and only works well in water, due to the absence of triazole:metal coordination in this solvent.
Combining these many and various pieces of data builds a detailed understanding of the different structural, photophysical and metal-induced effects that are at play in these systems, and leads us closer to the design of the 'perfect' probe. We were further able to show that the great potential of 'click' chemistry goes beyond its use as a synthetic tool due to the large effect of the triazole topology on the photophysical properties of the fluorophores.
Experimental Section
Compounds 1-5 were synthesised as described previously. [7c] UV-Vis spectra were recorded on a Varian Cary 4000 or Varian Cary 1E UV-visible spectrophotometer. Fluorescence spectra were acquired on a Varian Cary Eclipse fluorescence spectrophotometer, exciting at the absorption maximum of the sample. Temperature control for both the UVvisible spectrophotometer and fluorescence spectrophotometer was provided by a Varian Cary PCB water peltier system. Fluorescence quantum yield measurements were performed using a Hamamatsu PL Quantum Yield measurement System C9920-2 with an integrated sphere in 1 cm quartz cuvettes. Fluorescence emission measurements around 80 K were carried out on a Perkin Elmer Fluoromax 3 with a special sample holder containing a home-made liquid nitrogen dewar. The fluorescence emission of the ligands in solution and their Cu(II) complexes, respectively were measured at room temperature. Then the same sample was quickly frozen in liquid nitrogen to yield a glass and the fluorescence spectrum was acquired.
Supporting Information (see footnote on the first page of this article): Measurement conditions and sample preparation, additional UV/vis absorption spectra in MeCN, and aqueous fluorescence emission spectra around 80 K.
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